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to those of the raw material [1]. When heated in the absence 
RI R[\JHQ ELRPDVV GHFRPSRVHV LQWR D UDQJH RI SURGXFWV
LQFOXGLQJFKDUVROLGWDUOLTXLGDQGJDVHDFKZLWKSURSHUWLHV
that differ from the raw biomass. Pyrolysis is considered to 
RFFXU LQ WZR VWDJHV SULPDU\ GHFRPSRVLWLRQ RI ELRPDVV DQG
VHFRQGDU\ UHDFWLRQV RI WKH SURGXFWV JHQHUDWHG LQ WKH SULPDU\
decomposition. In order to maximize tar production, the volatiles 
released from the primary decomposition should be removed 
from the reaction zone and condensed before the secondary 









WR GHYHORS D VLPSOH NLQHWLF PRGHO WKDW LV DSSOLFDEOH LQ HYHU\
FDVH$VDUHVXOWWKLV¿HOGLVVWLOODQDFWLYHDUHDRIUHVHDUFK,Q
this review, different methods to describe biomass pyrolysis and 
GLIIHUHQWW\SHVRINLQHWLFPHFKDQLVPVDUHGLVFXVVHG2WKHUXSWR
GDWHUHYLHZVRQWKHVXEMHFWZLWKGLIIHUHQWVFRSHVFDQEHIRXQG
in the literature [2,3].
Kinetic Models
,QRUGHUWRH[SHULPHQWDOO\GHWHUPLQHWKHNLQHWLFSDUDPHWHUVRI
biomass pyrolysis, there are isoconversional methods or model 
¿WWLQJPHWKRGV7KHPDLQGLIIHUHQFHEHWZHHQ LVRFRQYHUVLRQDO
DQGPRGHO¿WWLQJPHWKRGV LV WKDW WKHIRUPHUGRHVQRWDVVXPH
DQ\ PRGHO WR FDOFXODWH WKH NLQHWLF SDUDPHWHUV ZKHUHDV WKH
ODWWHUGHWHUPLQHWKHNLQHWLFSDUDPHWHUVXVLQJDPDVVGHSHQGHQW
IXQFWLRQ 0RGHO ¿WWLQJ PHWKRGV FDQ EH FODVVL¿HG DV RQH





>@ 7KH GLVWULEXWHG DFWLYDWLRQ HQHUJ\ PRGHOV '$(0 GLIIHU
from the previous models in that for each reaction, an activation 
HQHUJ\GLVWULEXWLRQLVXVHGLQVWHDGRIDVLQJOHYDOXH
Biomass pyrolysis is normally experimentally studied with 
WKHUPRJUDYLPHWULFDQDO\VLV 7*$7*$LVXVHG WRGHWHUPLQH
WKH SUR[LPDWH FKDUDFWHUL]DWLRQ PRLVWXUH YRODWLOH FRQWHQW
¿[HGFDUERQDQGDVKRIWKHELRPDVVDQGWRVWXG\LWVS\URO\VLV
NLQHWLFV7*$PHDVXUHVWKHZHLJKWFKDQJHRIDELRPDVVVDPSOH
under isothermal conditions, where the decomposition is 
VWXGLHGDVDIXQFWLRQRIPDVVORVVYHUVXVWLPHRUQRQLVRWKHUPDO
conditions, as a function of mass loss versus temperature. 
1RUPDOO\ LQWULQVLF NLQHWLF SDUDPHWHUV DUH REWDLQHG IURP
WKHUPRJUDYLPHWULF H[SHULPHQWV SHUIRUPHG ZLWK ORZ KHDWLQJ
UDWHVXSWR.PLQ>@DQGZLWK¿QHSDUWLFOHVEHORZPP
WR SURGXFH D NLQHWLFDOO\ FRQWUROOHG UHJLPH >@ ,QWULQVLF
parameters are scale independent and do not include the effect 
RI WUDQVSRUW SKHQRPHQD ZKLFK PDNH WKHP PRUH UHOLDEOH IRU
VFDOLQJ XS DQG UHDFWRU GHVLJQ :LWK KLJK KHDWLQJ UDWHV DQG




reliable for extrapolation [4].
All pyrolysis models describe the process in the form of 
mathematical expressions, which can be based on experimental 
GDWDHPSLULFDOPRGHORURQWKHUHODWLRQVKLSDQGEHKDYLRURIWKH
V\VWHP FRPSRQHQWV PHFKDQLVWLF PRGHO %LRPDVV S\URO\VLV
would ideally be described by a mechanistic model, but 
GHYHORSLQJDULJRURXVPHFKDQLVWLFPRGHOZRXOGEHLPSUDFWLFDO
RULPSRVVLEOH>@7KDWLVWKHUHDVRQZK\PRVWELRPDVVS\URO\VLV
PRGHOV FDQ EH FDWHJRUL]HG DV SVHXGRPHFKDQLVWLF VLQFH WKH\
PDNH DVVXPSWLRQV DERXW WKH XQGHUO\LQJ FKHPLVWU\ EXW WKHLU
NLQHWLFSDUDPHWHUVDUH¿WWRH[SHULPHQWDOGDWD
,Q RUGHU WR GHVFULEH ELRPDVV S\URO\VLV NLQHWLFV IURP
Biomass can be thermally treated to generate a wide range of valuable products, which can be 
used as a fuel or for chemical production. Pyrolysis is a popular thermal process that is used to 
transform biomass into either bio-oil or bio-char by controlling the operating conditions (e.g., 
temperature and residence time); however, because biomass is a highly heterogeneous material, 
its pyrolysis involves complex chemical and physical changes. Various proposed mechanisms 
have been successful in capturing different aspects of biomass pyrolysis in different conditions, 
EXWWKHUHLVVWLOO ODFNRIFRQVHQVXVRQDGH¿QLWLYHNLQHWLFPHFKDQLVP7KLVUHYLHZVXPPDUL]HV
and discusses different types of kinetic models used to describe biomass pyrolysis and predict 
product yields.
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WKHUPRJUDYLPHWULF GDWD WKHUH DUH LVRFRQYHUVLRQDO RU PRGHO
free DQG PRGHO ¿WWLQJ PHWKRGV >@ )RU LVRFRQYHUVLRQDO




methods is that a reaction model that describes the process is 
not needed [10]. However, a proper reaction mechanism offers 
DFORVHUDSSURDFKWRWKHLQWULQVLFNLQHWLFVRIWKHSURFHVV>@
An isoconversional approach can avoid problems related to 
WKHXQFHUWDLQW\RIGHWHUPLQLQJDVSHFL¿FUHDFWLRQPHFKDQLVP
EHIRUHDQDO\]LQJWKHNLQHWLFSDUDPHWHUV>@DQGPHFKDQLVWLF
conclusions about the model could be drawn after the activation 
HQHUJ\ KDV EHHQ GHWHUPLQHG 7KH GRZQVLGHV RI WKLV PHWKRG
DUH WKH HOHYDWHG QXPEHU RI H[SHULPHQWDO WKHUPRJUDYLPHWULF
UXQV WKDW WKH UHVW RI NLQHWLF SDUDPHWHUV FDQQRW EH GLUHFWO\
FDOFXODWHG >@DQG WKDW WKHNLQHWLFVHOXFLGDWHGDUHDSSDUHQW




0RGHO ¿WWLQJ PHWKRGV VXFK DV VLQJOH RU PXOWLSOH UHDFWLRQ
PRGHOV DQG GLVWULEXWHG DFWLYDWHG HQHUJ\ PRGHOV DUH ZLGHO\
XVHGWRGHVFULEHELRPDVVS\URO\VLV,QWKHVHPHWKRGVDNLQHWLF
PHFKDQLVPLVDVVXPHG$NLQHWLFPHFKDQLVPGHVFULEHVDUHDFWLRQ
SURFHVV LQ RQH RU VHYHUDO VWHSV HDFK RI WKHP KDYLQJ VSHFL¿F
WHPSHUDWXUHGHSHQGHQW NLQHWLF SDUDPHWHUV HJ IROORZLQJ WKH
$UUKHQLXV HTXDWLRQ 7KH ¿UVW NLQHWLF PHFKDQLVPV XVHG IRU
biomass pyrolysis are based on the primary decomposition of 
DVSHFL¿FW\SHRIELRPDVVWKHUHIRUHWKH\DUHQRWJHQHUDOL]DEOH
to other types of biomass, since the initial composition of the 
ELRPDVVVWURQJO\DIIHFWVLWVS\URO\VLVSHUIRUPDQFH>@)LJXUHV
DDQGEVKRZH[DPSOHVRI WKLV W\SHRINLQHWLFPRGHO%RWK
models feature competitive parallel reactions, and the product 
\LHOGVGHSHQGRQWKHRSHUDWLQJFRQGLWLRQVVXFKDVKHDWLQJUDWH
DQG¿QDOWHPSHUDWXUH7KHJOREDOUDWHFRQVWDQWk is the sum of 
all the individual rate constants.
Kinetic models based on the summative principle are 
JHQHUDOL]DEOH WRDZLGHU UDQJHRIELRPDVV >@ LQZKLFK WKH
RYHUDOOGHFRPSRVLWLRQRIELRPDVVLVWKHZHLJKWHGVXPRIWKH
individual decomposition of its three main components, i.e. 
FHOOXORVHKHPLFHOOXORVHDQGOLJQLQ7KHUHIRUHDFRPELQDWLRQ
of the individual mechanisms of its main components is used, 
HDFK PHFKDQLVP ZLWK D VSHFL¿F VHW RI NLQHWLF SDUDPHWHUV
7KHPXOWLFRPSRQHQWPHFKDQLVPLVVXLWDEOHIRUDZLGHUDQJH
RIELRPDVVDV ORQJDV WKHELRPDVV LVSURSHUO\FKDUDFWHUL]HG
VLQFH WKH DPRXQW RI LWV FRPSRQHQWV LV WKH VWDUWLQJ SRLQW
IRU WKH SURFHVV DQDO\VLV )RU WKLV PHFKDQLVP LW LV W\SLFDOO\
assumed that no interaction occurs between the components 
GXULQJ S\URO\VLV )LJXUH  SUHVHQWV DQ H[DPSOH RI VXFK D
NLQHWLFPRGHOLWDOVRLQFOXGHVDQLQWHUPHGLDWHVWHSOHDGLQJWR
the formation of an active component, which is believed to 
have the same chemical properties as the initial component 
EXW ZLWK PRGL¿HG SK\VLFDO SURSHUWLHV VXFK DV SRUosity [3]. 
7KHVHS\URO\VLVPHFKDQLVPVDUHDEOHWRGHVFULEHWKHGLIIHUHQW
SURGXFW \LHOGV LQ D OXPSHG PDQQHU 7R SUHGLFW WKH SURGXFW
yields from secondary pyrolysis, reactions of the volatile in 
WKH JDV SKDVH EHIRUH FRQGHQVLQJ WR WDU VKRXOG EH WDNHQ LQWR
DFFRXQWVHHUHDFWLRQLQ)LJXUH
7KHDFWLYHFRPSRQHQWLVFXUUHQWO\XVHGLQPRVWRIWKHNLQHWLF
mechanisms; however, a reversible behavior of the active 
FHOOXORVHXQGHU&KDVEHHQREVHUYHG>@DQGDPRGHO
for cellulose decomposition, which includes the step of active 
cellulose in competition with direct decomposition of cellulose 
WRYRODWLOHKDVEHHQVXJJHVWHG>@
In order to predict the product composition, and not only the 
OXPSHGSURGXFW\LHOGVDPRUHGHWDLOHGPHFKDQLVPLVUHTXLUHG
>@ 7KLV PXOWLFRPSRQHQW FRPSUHKHQVLYH PHFKDQLVP LV
developed at a particle scale, and can be used for different reactor 
W\SHVZLWKDZLGHUDQJHRIRSHUDWLQJFRQGLWLRQV$QH[DPSOHRI
WKHGHWDLOHGFHOOXORVHPHFKDQLVPLVIRXQGLQ)LJXUH
7KH GLVWULEXWHG DFWLYDWLRQ HQHUJ\ PRGHO >@ ZDV ¿UVWO\
DSSOLHGIRUFRDO >@DQG ODWHUDGDSWHGIRUELRPDVV>@7KLV


















and Chin, 1977); (b) Cellulose mechanism (Bradbury et at. 1979) Figure 2. Multi-component pyrolysis mechanism (Miller and Bellan [6])
Figure 3. &HOOXORVHGHFRPSRVLWLRQPHFKDQLVP5DQ]LHWDO>@
Martí-Rosselló/Li/Lue
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ZKHQ FRQVLGHULQJ PRVWO\ OLJQRFHOOXORVLF ELRPDVV EXW RWKHU
FRPSRQHQWVOLNHH[WUDFWLYHVDQGLQRUJDQLFFRPSRQHQWVPLJKW
DOVRKDYH D VLJQL¿FDQW UROHRQS\URO\VLVRIELRPDVV7KHUH LV
VWLOO URRPIRU LPSURYHPHQW LQGHYHORSLQJNLQHWLFPRGHOVDEOH
WR GHVFULEH ELRPDVV S\URO\VLV IRU D ZLGHU UDQJH RI RSHUDWLQJ
FRQGLWLRQV VLQFH WKH NLQHWLF SDUDPHWHUV REWDLQHG DUH RIWHQ
VXLWDEOH RQO\ IRU D FHUWDLQ UDQJH RI WHPSHUDWXUHV ,PSURYLQJ
WKHPHFKDQLVPV LQ WHUPVRISUHGLFWLQJ WKHSURGXFW\LHOGVDQG
FRPSRVLWLRQ VXLWDELOLW\ IRU D ZLGHU UDQJH RI ELRPDVV DQG
RSHUDWLQJ FRQGLWLRQV DUH LPSHUDWLYHV WR FRQVLGHU LQ IXWXUH
NLQHWLFPRGHOV1HYHUWKHOHVVWKH¿QDOFKRLFHRIDPHFKDQLVP
will always depend on the aim of the study, since more detailed 
mechanisms entail also an increase in complexity of the analysis.
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